In micropropagation, especially for mangaba tree botanical variety of Northeastern Brazil, limiting aspects such as ethylene accumulation in the cultivation flask and loss of vigor in subcultures have been observed. This study was aimed at assessing the technical and scientific knowledge of the in vitro propagation of botanical mangaba tree variety and at improving the micropropagation protocol, establishing the in vitro cultivation time, the best type of flask sealing and explant at different micropropagation stages. For the establishment phase and for the first and second subcultures, the MS medium with 3% sucrose and 0.6% agar, supplemented with 1 mg L -1 IAA and 1 mg L -1 BA was used. Evaluations were performed at 30, 50 and 65 days of in vitro cultivation. The best types of flask sealing for the establishment phase were the PVC film and Para-film ® and for the first subculture the Para-film ® seal. In the second subculture the PVC film and Para-film ® seals promoted the best growth. The median and basal nodal segments presented the best performance in the first subculture. No significant effect of explant type was observed in the second subculture. The ideal subculture interval in the establishment phase and the first and second subcultures is 50 days.
INTRODUCTION
Mangaba tree is a fruit plant native of Brazil, whose occurrence is reported in several regions of the country, being mainly associated with restinga vegetation, and inland and coastal savanna (SILVA JUNIOR et al., 2006) . The species has high potential for immediate use among the native fruits of northeastern Brazil (FERREIRA et al., 2005) .
Given that the mangaba tree native of northeastern Brazil, botanical variety Hancornia speciosa var. speciosa Gomes, has limitations for asexual propagation using traditional methods and that its germplasm is under serious threat of genetic erosion, the in vitro propagation for the multiplication of genotypes of interest, as well as the production of seedlings with desirable phytosanitary and production features and in vitro conservation become vital. Studies have elucidated some aspects of the process of in vitro propagation of native mangaba trees in Northeastern and Midwestern Brazil such as the in vitro germination, type and concentration of plant growth regulators and culture medium to induce organogenesis and rhizogenesis (PINHEIRO et al., 2001;  serious theat of genetic erosion, the Sealing and explant types...
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In micropropagation, especially for mangaba tree botanical variety of Northeastern Brazil, limiting aspects such as ethylene accumulation in the cultivation receptacle and loss of vigor in subcultures have been observed (LEMOS et al., 2006) . Ethylene accumulation has an adverse effect on plant development, affecting differentiation, development, morphology and growth, decreasing leaf expansion and length of shoots, inhibiting the regeneration of new shoots and causing apical necrosis (BIDDINGTON, 1992 cited by ERIG; SCHUCH, 2005) , and promoting leaf abscission in in vitro cultivation. The use of more permeable flask sealing caps has promoted an increase in CO 2 concentration and, simultaneously, a reduction in relative humidity and ethylene concentration (KOZAI; NGUYEN, 2003; SANTANA et al., 2008) , enabling gas exchange (SANTANA et al., 2011) .
Studies on the ethylene metabolism and in vitro leaf abscission control by inhibiting the production of this growth regulator in mangaba tree have been conducted (PEREIRA NETTO, 2001; MCCOWN; PHARIS, 2003) .
This work was aimed at assessing the technical and scientific knowledge of the in vitro propagation of botanical mangaba tree variety of northeastern Brazil, and at improving the micropropagation protocol, establishing the in vitro cultivation time, the best type of flask sealing and explant at different micropropagation stages.
MATERIALS AND METHODS
To study the in vitro propagation, nodal segments from seedlings aseptically germinated in vitro with eight months of cultivation were used. Seeds were collected from ripe fruits of the native population of mangaba trees from the Experimental Field of the Embrapa Tabuleiros Costeiros at Itaporanga d'Ajuda, State of Sergipe, Brazil.
The pH of media was adjusted to 5.8 before autoclaving at 120° C for 15 minutes. After inoculation, the cultures were maintained in a growth room with temperature of 26° C + 2° C, air relative humidity averaging around 70% and 12-hour photoperiod of cold white light (photosynthetic active radiation of 52 μ mol m -2 s -1 ).
In vitro establishment
In the establishment phase, nodal segments were inoculated into 250 mL glass flasks containing 30 mL of Murashige and Skoog culture medium (MS) with 3% sucrose and 0.6% agar supplemented with 1 mg L -1 indole acetic acid (IAA) and 1 mg L -1 benzylaminopurine (BA). The following types of flask seals were evaluated: screw plastic cap, PVC film, Para-film ® and aluminum foil. The experiment was conducted in split plot in time, with four types of seal per plot and three assessment times per subplot (30, 50 and 65 days), with six replications. Each experimental unit consisted of four flasks containing two nodal segments each.
First subculture
For the first subculture in the multiplication phase, nodal segments excised from apical, median and basal positions of shoots from the previous experiment were transferred into 30 mL glass flasks with MS medium added of 3% sucrose and 0.6% agar, supplemented with 1 mg L -1 IAA and 1 mg L -1 BA. The experiment was conducted in split plot in time, with plot of 4 x 3 factorial (four types of flask seals combined with three positions of nodal segments) and three assessment times per subplot, with five replicates. Each experimental unit consisted of four flasks containing two nodal segments each.
Second subculture
For the second subculture in the multiplication phase, nodal segments excised from apical, median and basal positions of shoots from the first subculture were transferred into 30 mL glass flasks with MS medium added of 3% sucrose and 0.6% agar, supplemented with 1 mg L -1 IAA and 1 mg L -1 BA. The experiment was conducted in split plot in time, with plot of 4 x 3 factorial (four types of flask seals combined with three positions of nodal segments) and three assessment times per subplot, with five replicates. Each experimental unit consisted of four flasks containing two nodal segments each.
At 30, 50 and 65 days after inoculation, the number of shoots per nodal segment, number of nodes per adventitious shoot and leaf abscission percentage were analyzed. The leaf abscission data were transformed into root ( x + 0.5). At 65 days of inoculation, the culture medium volume reduction percentage by evaporation compared to the initial culture medium volume was evaluated. This reduction was determined by the difference between the height in the flask corresponding to the initial culture medium volume (30 ml) in the flask and at 65 days of inoculation.
All data, were analyzed for variance and averages were compared by the Tukey test at 5% probability. Statistical analyzes were performed using the SISVAR statistical software (FERREIRA, 2011) .
RESULTS AND DISCUSSION

In vitro establishment
A significant interaction of in vitro cultivation time and type of flask seal for all traits evaluated was observed. There was a significant increase in the number of adventitious shoots per nodal segment in function of the cultivation time in flasks sealed with plastic cap and aluminum foil (Table 1) .
For the PVC film, the number of adventitious shoots regenerated in vitro was the same over time (Figure 1 ) and for the Para-film ® at 30 and 50 days, with a decrease for this variable at 65 days due to the loss of shoots.
No significant difference in the number of shoots in function of the type of flask sealing in the establishment phase was observed.
There was an increase in the number of nodes per adventitious shoot after 30 days of in vitro cultivation in all types of flask sealing. At 65 days, the increase in the number of nodes was significant; however, lower than that observed at 50 days. The average number of nodes is an important variable for estimating the in vitro multiplication rate of mangaba tree, since the explant to be used in subcultures is the nodal segment.
Significant effects of the type of flask sealing on the number of nodes were detected only at 65 days, with higher average number of nodes in shoots kept in flasks with PVC film and Para-film ® when compared to aluminum foil, and this was not statistically different from the plastic cap. The type of flask sealing interferes with the incidence of light in cultures. Probably there was a lower incidence of light and decreased gas exchange inside flasks sealed with plastic cap and aluminum foil, contributing to the smaller number of nodes observed.
The types of flask sealing showed no significant differences between each other for variable leaf abscission. However, this variable increased significantly with the in vitro cultivation time. The closed environment to which seedling or explants are submitted provides, in general, ethylene accumulation. This growth regulator, even in small concentrations, can be physiologically active and trigger various processes, among them leaf abscission (KERBAUY, 2004) . Ciênc. agrotec., Lavras, v. 36, n. 4, p. 406-414, jul./ago., 2012 First subculture Significant differences were observed in the average number of shoots per nodal segment in function of the type of flask sealing after 50 days (Table 2) . Para-film ® showed the best results for this variable and did not differ from aluminum foil and PVC film at 50 days and only from aluminum foil at 65 days. Seals that are airtight favor ethylene accumulation that even in small concentrations can prevent the proliferation of lateral branches in mangaba tree. According to Pereira Netto (2001), the growth of aerial parts in mangaba tree in atmosphere enriched with 1 μ L L -1 of ethylene results in a reduction of 50% in the proliferation of lateral branches. The average number of nodes per adventitious shoot increased significantly in function of the in vitro cultivation time; however, the increases observed at 50 days were lower than those observed in the establishment phase. Para-film ® showed the best results for this variable, and did not differ from PVC film at 50 days and from plastic cap at 65 days.
There was no significant increase in the average number of shoots per nodal segment over the in vitro cultivation time, and a decrease in the numerical values for this variable when compared to the establishment phase was observed, agreeing with reports by Lemos et al. (2006) .
There was no significant effect on leaf abscission in function of the type of flask sealing, and lower values for this variable when compared to the establishment phase were observed. When grown in vitro, some woody species show leaf abscission in response to the environment that they are submitted; and as a result of leaf abscission, the in vitro growth is reduced and the explant becomes fragile, impairing the micropropagation process (LEMOS; BLAKE, 1994; LEMOS et al., 2006) .
There was no significance for the average number of adventitious shoots in function of the type of nodal segment. These results disagree with Nicoloso and Erig (2002) , who observed higher number of shoots and the highest multiplication rate from basal nodal segments of Brazilian ginseng (Pfaffia glomerata). Median and apical segments were more efficient in 'Cleópatra' variety of tangerine (Citrus reshni Hort. ex Tan.) (SILVA et al., 2005) . Median and basal segments induced adventitious shoots with higher number of nodes when compared to those formed from apical segments at 65 days. Greater leaf abscission was observed only at 30 days of in vitro cultivation for apical segments, when compared to basal and medial segments. Probably adventitious shoots regenerated from the apical portion are less vigor and thus more sensitive to ethylene accumulation. Sealing and explant types...
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Second subculture
Similarly to the first subculture, the average number of shoots in the second subculture was not influenced by time up to 65 days. Para-film ® sealing also showed higher average number of shoots, not differing statistically from PVC film at 50 days and from aluminum foil at 65 days (Table 3 ). The type of flask sealing influences the aeration and the incidence of light to the plants. Seals that are not airtight allow greater gas exchange between atmospheric air and the environment inside the flask, allowing better transpiration of leaves and preventing ethylene accumulation, which may be harmful to the in vitro multiplication (BUFFA et al., 2002) .
In thyme micropropagation (Thymus vulgaris L.), Bandeira et al. (2007) obtained better results in flasks sealed with cotton in agreement with results obtained by Santana et al. (2011) , who observed higher in vitro growth of pondapple shoots (Annona glabra L.) kept in flasks sealed with cotton caps. Santana et al. (2008) obtained greater root growth of pond-apple kept in flasks sealed with plastic cap without PVC film. In potato seedlings cultivated in vitro (Solanum tuberosum L.), sealing ventilated with polyethylene membrane promoted greater leaf length (MOHAMED; ALSADON, 2010) .
The average number of nodes increased over time for all types of sealing; however, the increases were lower than those observed in the first subculture. Comparatively, flasks sealed with Para-film ® showed higher number of nodes per adventitious shoot and did not differ statistically from PVC film and plastic cap.
At 65 days, flasks with plastic caps showed the highest leaf abscission values. The reduction in the culture medium volume was higher for flasks sealed with PVC film when compared to plastic cap, Para-film ® and aluminum foil (Table 4) .
In the work conducted with Herreria sarsaparilla Martius, Gonçalves et al. (2008) found that the reduction in the culture medium volume in flasks sealed with PVC film is associated with loss of water and directly related to the evapotranspiration of explants. Although the reduction Means followed by same small letter in the column and capital on the line do not differ statistically between each other by the Tukey test at 5% probability. ¹ square root-transformed data (x + 0.5) Table 3 -Average number of adventitious shoots per nodal segment, number of nodes per adventitious shoot and leaf abscission in function of the in vitro cultivation time and type of flask sealing in the second subculture of Hancornia speciosa Gomes explants.
in the culture medium volume was significantly higher in flasks sealed with PVC film, the cultures showed higher number of nodes per adventitious shoot under this condition.
According to works cited above, it is clear that the in vitro responses in function of changes of physical factors such as type of flask sealing depend on the species and the multiplication stage to which the cultures are submitted. For mangaba tree, due to the high leaf abscission (Figure 2) shown in function of the ethylene concentration (PEREIRA NETTO, 2001; MCCOWN; PHARIS, 2003) , the type of flask sealing is an important factor to be considered in the establishing of future largescale propagation protocols.
Means followed by same small letter in the column and capital on the line do not differ statistically between each other by the Tukey test at 5% probability.
Subcultures
Type of flask sealing Table 4 -Mean reduction of the culture medium volume (%) as a function of the type of flask sealing in the first and the second subculture of Hancornia speciosa Gomes explants. 
CONCLUSION
In the establishment phase, adventitious shoots regenerated in flasks sealed with Para-film ® and PVC film showed greater number of nodes and Para-film ® showed higher number of shoots at 65 days in the first and second subcultures. Median and basal mangaba tree nodal segments induce a higher number of nodes in the first subculture. PVC film induces a greater reduction in the culture medium volume in the first and second subcultures and flasks sealed with plastic cap showed greater leaf abscission at 65 days in the second subculture. The interval subculture of 50 days is suitable for the establishment phase and for the first and second subcultures.
